Introduction {#S1}
============

Many *in vivo* and *in vitro* studies have demonstrated that human stem cells (SCs) as attractive vehicles to deliver the desired gene product, making them a very promising agent in brain tumor therapy. Recently, neural stem/progenitor cells (NSCs), engineered to express or carry to therapeutic agents, have been recognized for their ability to migrate throughout the central nervous system.[@R1],[@R2] Cytolytic viruses and genes coding for anti-tumor cytokines, pro-drug converting enzymes and various neurotrophic factors have all been engineered into engraftable NSCs for delivery to tumors.[@R3] However, their clinical application is limited by ethical and logistic problems such as their isolation and immunologic compatibility in allogenic transplantation. Human cord blood is an alternative source of adult stem cells. Several studies indicate that human umbilical cord blood derived stem cells (hUCBSCs) are similar to stem cells from bone marrow with respect to cell characteristics and multilineage differentiation potential.[@R4],[@R5] hUCBSCs have the capacity to differentiate into several mesodermal tissues (bone, cartilage, tendon, muscle and adipose), endodermal tissue (hepatocyte), and ectodermal tissue and were proven to be more advantageous in cell procurement, storage, and transplantation than bone marrow-derived SCs.[@R6] Recently, hUCBSCs were shown to display tropism for human glioma, and that the treatment of trimeric form of tumor necrosis factor-related apoptosis-inducing ligand (stTRAIL)-secreting hUCBSCs have significant anti-tumor effects compared with adenoviral *TRAIL* gene therapy.[@R7] However, tumor-specific migratory properties require further elucidation in relation to their potential use in therapeutic applications.

Different factors that guide the motility of stem cells have been identified including soluble factors, cell adhesion molecules, and extracellular matrix components. Migration through the ECM is facilitated by ECM-degrading enzymes such as the matrix metalloproteases (MMPs), which free bound chemokines and allow movement along the chemokine gradient within the local tissue.[@R8] Although this process represents a likely paradigm for stem cell migration, the molecular mediators and chemotactic signals that guide stem cells to appropriate microenvironments are yet to be fully identified. MMPs are a family of enzymes that collectively degrade all the components of the ECM.[@R9] MMPs participate in a host of important physiological processes, including CNS development, embryological remodeling, wound healing, and angiogenesis, and their role in cancer cell metastasis has been studied extensively.[@R10],[@R11] MMPs were shown to be responsible for the proteolytic processing of extracellular matrix structural proteins, which regulate endothelial cell migration.[@R12],[@R13] A neutralizing antibody that blocked MMP-2 impaired transendothelial migration *in vitro*.[@R14]

The aim of this study was to investigate the role of MMP-2 on migratory behaviour of hUCBSCs in an experimental intracranial medulloblastoma tumor model. Although pharmacological MMP inhibitors have been used widely to study the roles of MMPs in cellular functions, these inhibitors lack specificity, which confounds data interpretation. We therefore used small interfering RNA (siRNA) that specifically knock down endogenous MMP-2 expression. We further analyzed the signaling mechanism involved in tumor cell-induced tropism of stem cell towards medulloblastoma tumors *in vitro* and show that MMP-2 inhibition in the tumor cells suppressed SDF1/CXCR4 pathway-mediated stem cell migration towards the tumor cells.

Results {#S2}
=======

Medulloblastoma tumor cells enhance human umbilical cord blood stem cell (hUCBSC) migration {#S3}
-------------------------------------------------------------------------------------------

Mesenchymal stem cells isolated from umbilical cord blood were positive for CD133, CD44 and STRO-1, displayed multilineage differentiation ability and demonstrated tropism towards glioma.[@R15] In the present study, we first determined the ability of these mesenchymal stem cells from human umbilical cord blood (hUCB) to migrate towards tumor cells and conditioned medium using tissue culture inserts and transwell assays, respectively. We plated 5 × 10^3^ and 1 × 10^4^ cells of Daoy and D283 (more number of D283 were plated as this cell line is semi adherent; about 50%) respectively and allowed CD133 positive cells (hUCBSCs) to migrate towards the tumor cells or conditioned medium. Daoy and D283 tumor cells significantly stimulated the directional migration of hUCBSCs ([Fig. 1A](#F1){ref-type="fig"}). Tumor conditioned medium from Daoy and D283 cells enhanced the migration of stem cells compared to serum free medium or conditioned medium from fibroblast cells ([Fig. 1 B](#F1){ref-type="fig"}; *P* \< 0.05 vs serum free medium, *P* \< 0.05 vs tumor cell conditioned medium).

Stem cell migration is inhibited by the inhibition of MMP-2 {#S4}
-----------------------------------------------------------

Factors released from tumor cells may serve as a potential chemo-attractant involved in the tropism of stem cells towards tumor cells. As medulloblastoma tissue samples and cell lines expressed MMP-2,[@R16] therefore, we investigated the effect of MMP-2 inhibition in the tumor cells on stem cell migration. To examine the role of MMP-2 in hUCBSC migration towards medulloblastoma cells, we used an adenovirus expressing siRNA against MMP-2 (Ad-MMP-2 si) to specifically inhibit MMP-2. We have previously demonstrated that Ad- MMP-2 si specifically inhibited MMP-2 mRNA and protein levels without inducing the interferon pathway and with out effecting other MMP\'s.[@R17] We first confirmed that this Ad-MMP-2 si could indeed reduce the protein expression levels of endogenous MMP-2 compared with the scrambled vector (Ad-SV) and control (mock) transfected cells. As [figure 2A](#F2){ref-type="fig"} indicated, Daoy and D283 medulloblastoma cells infected with 50 MOI of Ad-MMP-2 si decreased the expression of MMP-2 activity, protein and mRNA levels by 50 % compared to mock and Ad-SV.

For preparation of conditioned medium, cell number was corrected to account for 15-20 % growth inhibition observed with Ad-MMP-2 si-infection (data not shown). The conditioned medium was collected and used to study the migration of hUCBSCs. There was a significant reduction in stem cell migration in response to tumor conditioned medium from medulloblastoma cells infected with Ad-MMP-2 si ([Fig. 2B](#F2){ref-type="fig"}). Tumor conditioned medium from medulloblastoma cells infected with 50 MOI of Ad-MMP-2 si decreased the stem cells migration by 40-50% (*P \< 0.05* vs mock) compared to the migration of stem cells in the conditioned medium from Ad-SV-infected tumor cells. The migration of stem cells in conditioned medium from tumor cells infected with Ad-SV was not significantly different from the conditioned medium from mock infected cells, suggesting that the adenovirus itself had no significant negative effect on our *in vitro* migration assay. To further determine the role of MMP-2 in stem cell migration, migration was determined after exogenous addition of recombinant human MMP-2 (rhMMP-2) to tumor conditioned medium. [Figure 4C](#F4){ref-type="fig"} indicates that exogenous addition of rhMMP-2 protein to the conditioned medium of Ad-MMP-2 si-infected tumor cells did not alter the migratory ability of stem cells, suggesting the involvement of other factors regulated by MMP-2 expression in tumor cell initiated migration of stem cells. Further, to ensure that the effect of MMP-2 inhibition in stem cell migration was not due to their effects on cell survival, we performed MTT assay. There was no change in the hUCBSCs growth in the cells grown on Ad-MMP-2 si-CM compared to controls up to a 48 h time period (data not shown). Together these data indicate that MMP-2 induced factors from medulloblastoma cells are required for their migratory response of hUCBSCs towards medulloblastoma tumor cells.

MMP-2 inhibition in medulloblastoma cell alters Cytokine profile {#S5}
----------------------------------------------------------------

We hypothesized that the reason for the decreased stem cell migration towards MMP-2 suppressed tumor cells is due to the alterations in the expression of cytokines involved in migration. To test this possibility, antibody arrays associated with migration against several cytokines was employed. These antibody arrays were incubated with conditioned media from Daoy and D283 tumor cells infected with Ad-SV and Ad-MMP-2 si. High levels of IL-6, IL8, MCP1, SDF1, VEGF and RANTES expression was observed in the conditioned medium from control Daoy and D283 cells. The levels of several cytokines were decreased from medium collected from Ad-MMP-2 si infected medulloblastoma cells relative to control treated cells. [Fig 3](#F3){ref-type="fig"} indicates that SDF1 and VEGF were decreased in both the cell lines by 70-75 % and 55-65% respectively. We therefore evaluated the role of SDF1 and VEGF on the migratory capacity of stem cells towards tumor conditioned media. We first evaluated the role of SDF1/ CXCR4 axis on the tumor-tropic component of the hUCBSCs towards medulloblastoma cells. To further confirm the antibody array, we performed western blotting using tumor cell conditioned medium and RT PCR using total RNA for SDF1 in Daoy and D283 tumor cells infected with mock, Ad-SV and Ad-MMP-2 si. The expression of SDF1 protein and mRNA were suppressed by about 60% in the Ad-MMP-2 si-infected cells compared to mock and Ad-SV controls ([Fig. 4A](#F4){ref-type="fig"}). We next determined the role of SDF1 in stem cell migration with tumor conditioned media from MMP-2 inhibited tumor cells, and demonstrated that supplementing MMP-2 in Ad-MMP-2 si-infected cells before preparation of conditioned medium restored SDF1 levels in tumor cells ([Fig. 4B](#F4){ref-type="fig"}). Accordingly, we also observed that stem cell migration towards the tumor conditioned medium from AdMMP-2-si infected tumor cells supplemented with MMP-2 was significantly higher (*p\< 0.05*) compared to conditioned medium from Ad-MMP2-si alone infected cells ([Fig. 4C](#F4){ref-type="fig"}). These findings suggest that tumor cell-expressed SDF1 plays a chemotactic role in the migration of human stem cells towards the tumor cells.

hUCBSCs migration towards tumor conditioned media *in vitro* can be inhibited by blocking hUCBSCs surface SDF1 receptor CXCR4 (C-X-C motif receptor 4). To examine hUCBSC response to SDF1 in the tumor cells, we performed immunocytochemical analysis for its receptor CXCR4 in hUCBSC cultured in the presence of tumor conditioned medium of Ad-MMP-2 si-infected Daoy and D283 medulloblastoma cells. [Figure 5A](#F5){ref-type="fig"} demonstrates that tumor conditioned medium from mock and Ad-SV-infected cells induced CXCR4 expression compared to the stem cell culture (or serum-free) medium. In contrast, CXCR4 expression was decreased in hUCBSC cultured with conditioned medium from Ad-MMP-2 si-infected medulloblastoma cells. Neutralization of endogenous hUCBSC-associated CXCR4 with anti-CXCR4 resulted in decreased migration ([Fig. 5B](#F5){ref-type="fig"}) demonstrating an essential role of SDF1/CXCR4 interaction in hUCBSC migration towards the tumor cells.

Recombinant human SDF1 (rhSDF1) but not rhVEGF reverts hUCBSCs migration in Ad-MMP-2 si-infected tumor cell conditioned medium {#S6}
------------------------------------------------------------------------------------------------------------------------------

Densitometric analysis of chemokine array showed that SDF1 and VEGF were decreased in both the cell lines (Daoy and D283) by 70-75 % and 55-65% respectively. We therefore tested the ability of hUCBSCs migration towards tumor cell conditioned medium in the presence of SDF1 and VEGF. Addition of recombinant human SDF1 increased stem cell migration towards tumor cell conditioned medium when compared to Ad-MMP-2 si alone ([Fig.5C](#F5){ref-type="fig"}). Addition of rhVEGF to the Ad-MMP-2 si inhibited tumor cell conditioned medium did not alter the stem cell migration towards tumor cell conditioned medium when compared to Ad-MMP-2 si alone (Supplementary figure 1). hUCBSCs showed increased CXCR4 expression when cultured in the presence of rhSDF1 when compared to Ad-MMP-2 si-CM alone ([Fig. 5A](#F5){ref-type="fig"}).

Migratory capacity of hUCBSCs *in vivo* {#S7}
---------------------------------------

Next, we investigated whether MMP-2 expression in the tumor cells could influence hUCBSCs migration towards intracranial medulloblastoma tumors *in vivo*. Daoy cells stably expressing luciferase gene were stereotactically implanted as described previously.[@R18] The mice were separated into three groups and treated with PBS, 5 × 10^7^ Ad-SV or of Ad-MMP-2 si. Quantum dots labeled hUCBSCs cells were injected into the contralateral hemisphere of mice with comparable tumor sizes in all three treatments as determined by *in vivo* imaging ([Fig. 6A](#F6){ref-type="fig"}). The tumor sections from mice that received PBS and Ad-SV displayed very high expression of MMP-2 and SDF1. In contrast, very littlie immunoreactivity for MMP-2 and SDF1 were observed in the tumor sections of mice that received Ad-MMP-2 si-treatment ([Fig. 6B](#F6){ref-type="fig"}). Transplanted hUCBSCs, enriched for CD133, were seen migrating across and populating in to the medulloblastoma tumors in the tumor sections of mice that received PBS and Ad-SV-treatments. In contrast, in the tumors from mice that received Ad-MMP-2 si in which MMP-2 expression was inhibited, the migratory capacity of hUCB SCs was suppressed and stem cells remained within the injection site in the normal brain ([Fig. 6C and D](#F6){ref-type="fig"}).

Discussion {#S8}
==========

Previous studies have explored the migratory capacity and therapeutic potential of human stem cells in experimental medulloblastoma and demonstrated their therapeutic efficacy against human medulloblastoma.[@R19] Understanding of the molecular events that regulate stem cell tropism towards tumors is needed to ensure their safety and to maximize therapeutic efficacy. Our *in vitro* and *in vivo* studies clearly show for the first time the ability of human umbilical cord blood stem cells (hUCBSCs) to migrate towards medulloblastoma tumors. The migration of hUCBSCs was significantly enhanced in the presence of conditioned medium from medulloblastoma tumor cells compared to that of the control serum-free medium. In contrast, the migration of stem cells was decreased in response to the conditioned medium of medulloblastoma cells infected with Ad-MMP-2 si (MMP-2 expression was decreased by 50-60% compared to controls as determined by western blotting). To better define the crosstalk between medulloblastoma and hUCBSCs and the role of MMP-2 expression in the tumor cells, we investigated the signals that have been shown to modulate the medulloblastoma tumor tropism of hUCBSCs. Supplementing the conditioned medium from MMP-2 inhibited cells with recombinant MMP-2 did not alter the stem cell migration, indicating that MMP-2 is not directly involved in stem cell migration towards the tumor cells. The chemokines, which are small secreted molecules, act through their receptors, which belong to the superfamily of G protein-coupled receptors (GPCRs).[@R20] SDF1 stimulates chemotaxis, survival and proliferation in glioblastoma multiforme and medulloblastoma primary cell cultures and xenografted tumors.[@R21] *Our data indicate that only SDF1 and VEGF were decreased in both the cell lines by 70-75 % and 55-65% respectively.* Based on the established role of SDF1 and its receptor CXCR4 in governing neuronal and glial precursor migration within the developing brain,[@R22],[@R23] we next investigated the role of MMP-2 in SDF1/CXCR4 mediated stem cell tropism towards the tumor cells. A major function of SDF1/CXCR4 signaling is to regulate the movement of cells, as SDF1 attracts CXCR4-expressing cells. Previous studies demonstrate that stromal cell-derived factor 1 (SDF1) and its receptor, CXCR4, regulate neural progenitor cell motility[@R24] and it is possible that SDF1 also contributes to medulloblastoma tumor cell induced stem cell migration. Agents such as stem cell factor1, monocyte chemo attractant protein-1, and stromal cell-derived factor-1 are potent chemotactic molecules originally identified as inducers of hematopoietic cell migration[@R20],[@R25] and recently shown to stimulate NSC migration.[@R24],[@R26] Our results indicate that signaling from the SDF1/CXCR4 is important for the activation of stem cell migration towards tumor cells. MMP-2 inhibition significantly inhibited cytokine expression; of note, SDF1 expression was inhibited by more than 80% in the MMP-2 inhibited medulloblastoma cells. Addition of SDF1 to conditioned medium from MMP-2 inhibited tumor cells induced stem cell migration, suggesting that MMP-2 inhibition in tumor cells suppressed SDF1 mediated migration of stem cell towards the tumor cells.

We next elucidated the molecular mechanism by which hUCBSCs migrate in response to tumor cells. Here, we show that cultured hUCBSCs express the CXCR4 receptor for SDF1 in response to tumor cell conditioned medium. In contrast, CXCR4 expression was suppressed in the stem cells grown in the presence of conditioned medium from AdMMP-2-si infected cells, indicating that the SDF1/CXCR4 axis was involved in regulating the migratory behaviour of hUCBSCs. The expression of functional CXCR4 has been observed on the surface of embryonic stem cells,[@R27] and several tissue committed stem/progenitor cells, such as HSC,[@R28] and neural stem cells.[@R22] Wynn *et al*[@R29] reported that a small proportion of mesenchymal stem cells expressed CXCR4, which contributed to their migration *in vitro*. Similarly, Sordi *et al.* found that CXCR4 expressed on MSC was capable of promoting migration to pancreatic islets.[@R30] In addition, we show that blocking CXCR4 receptors using function-blocking antibodies in stem cells grown in the conditioned medium supplemented with MMP-2 suppressed the migration of hUCBSCs towards meduloblastoma-conditioned media *in vitro*, confirming the relevance of this pathway in hUCBSCs migration towards tumor conditioned medium. Further, stem cells cultured with conditioned medium from MMP-2 inhibited tumor cells, supplemented with SDF1, induced the expression of CXCR4, and restored the migration of these cells towards the tumor cells. Further, the addition of anti-CXCR4 antibody to Ad-SV treated medulloblastoma conditioned medium decreased decreased the migration of stem cell towards the tumor cells. Taken together, these studies indicate that MMP-2 inhibition in the tumor cells inhibits the SDF1/CXCR4 mediated signaling in the stem cells, thereby decreasing their tropism towards the tumor cells.

In conclusion, we demonstrated that MMP-2 inhibition suppressed SDF1-promoted hUCBSCs stem cells migration towards the tumor cells by blocking the SDF1/ CXCR4 mediated signaling. Finally, this experimental model suggests a need for caution when stem cells are chosen as a chemotherapeutic target and matrix metalloproteinase inhibitors are used against cancer cells since MMP-2 depletion can reduce the ability of stem cells to migrate towards the tumor cells.

Materials and Methods {#S9}
=====================

Cell cultures {#S10}
-------------

We used the Daoy (ATCC \#HTB 186), D283 (ATCC \#HTB 185) and Fibroblast cell lines. Cells were cultured in Advanced-MEM (for Daoy), Advanced-MEM (Zn option medium without phenol red; for D283) or DMEM 1× medium (for Fibroblasts). Media were supplemented with 5% fetal bovine serum, 2 mM/L L-glutamine, 2 mM/L sodium pyruvate, 100 units/mL penicillin, and 100 μg/mL streptomycin. All cells were maintained in a humidified atmosphere containing 5% CO2 at 37°C.

Human umbilical cord blood stem cells (hUCBSCs) isolation and culture {#S11}
---------------------------------------------------------------------

Human umbilical cord blood was collected from full-term normal deliveries with informed consent according to a protocol approved by the Institutional Review Board. The cell fraction was separated on Ficoll-PaqueOˆ Plus (GE Healthcare, Piscataway, NJ, USA) by density centrifugation. CD133^+^ cell fraction was isolated using CD133-conjugated super paramagnetic micro-beads and MiniMACS columns (Miltenyi Biotech, Auburn, CA, USA; Bergisch Gladbal, Germany) according to manufacturer\'s instructions. Briefly, the cells collected from density centrifugation were incubated with CD133 antibody conjugated-micro beads for 30 min at 4°C. Cells were washed in Dulbecco\'s phosphate-buffered saline without sodium bicarbonate (PBS, Sigma Aldrich, St. Louis, MO, USA) supplemented with 2mmol/l EDTA and 0.5% fetal calf serum (FCS) (Invitrogen, Carlsbad, CA, USA). Cells were passed through a MiniMACS column retained in a magnetic field, and the column was washed with PBS to remove unbound cells. Releasing the magnetic field and flushing cells from the column recovered CD133^+^ cells. The cells obtained by the column were plated in knockout DMEM basal medium supplemented with 10% FBS, 10% knockout serum, 100 units/ml penicillin, and 100 μg/mL streptomycin and cultured until they reach confluence. The purity of the positively selected CD133 population was evaluated by a FACS Calibur flow cytometer (Becton Dickinson Bioscience, San Jose, CA, USA). To further determine the presence of other stem cell marker proteins CD44 and STRO-1, the cells were fixed in 10% cold methanol/buffered formaldehyde followed by incubation with 1% BSA in PBS for 1 hour at room temperature. These cells were used to perform either immunohistochemistry or FACS analysis as described earlier.[@R15]

Antibodies and reagents {#S12}
-----------------------

Antibodies against MMP-2 and GAPDH were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). Antibodies against SDF1 and CXCR4 were obtained from Novus Biologicals (Littleton, CO, USA). Recombinant human MMP-2 (R&D Systems, Minneapolis, MN, USA), recombinant human SDF1 and recombinant VEGF (ProSpec-Tany TechnoGene Ltd., Rehovot, Israel) were used in this study. Transwell inserts were obtained from VWR International (West Chester, PA, USA), cell culture inserts were obtained from ibidi GmbH (Martinsried, Germany). All other reagents were of analytical reagent grade or better.

Adenoviral siRNA constructs and infection {#S13}
-----------------------------------------

The adenoviral siRNA for MMP-2 (AdMMP-2 si) and scrambled vector (Ad-SV) were constructed and amplified as described by us previously.[@R31] Viral titers were quantified as pfu/mL following infection of 293 cells. Titers obtained for the viruses used in this work are 7.6 × 10^11^ pfu/mL (Ad-SV), and 5.0 × 10^11^ (Ad-MMP-2 si). The amount of infective adenoviral vector per cell in culture media was expressed as multiplicity of infection (MOI). Virus constructs were diluted in serum-free culture media to the desired concentration, added to cells and incubated at 37°C for 1 hour. The necessary amount of complete medium was then added and cells were incubated for the desired time periods. We have clearly demonstrated the specificity of Ad-MMP-2 si construct in our earlier published results[@R17] and also showed that the virus does not activate components of the interferon system[@R17]

Preparation of tumor conditioned media (CM) {#S14}
-------------------------------------------

1.5 × 10^6^ Daoy or D283 cells were seeded in 100mm Petri dishes and incubated for overnight. Cells were infected with mock (PBS), 50 MOI of either adenovirus carrying a scrambled sequence (Ad-SV) or, adenovirus carrying siRNA against MMP-2 (Ad-MMP-2 si) (1.8 × 10^6^ cells for Ad-MMP-2 si infection, cell number was corrected to account for 15-20% growth inhibition) and incubated for a further 24 h. The medium was replaced with serum-free DMEM/F-12 50/50 medium and incubated for 16 h. Conditioned media collected from mock, Ad-SV and Ad-MMP-2 si-infected cells were designated as mock-CM, Ad-SV-CM and Ad-MMP-2 si-CM, respectively. All the experiments were performed in the presence of serum-free media as a control.

Migration assay {#S15}
---------------

Tumor cell-induced hUCBSCs migration was measured by using the Culture-Inserts (ibidi GmbH, Martinsried, Germany) as described previously with minor modifications.[@R32] The Culture-Inserts containing two wells were placed in to 8-well chamber slides and 0.5 or 1×10^4^ Qtracker-525-Green (Molecular Probes, Carlsbard, CA) labeled medulloblastoma cells (Daoy or D283 cells) were seeded into one well (one side of the insert), and 1×10^4^ Qtracker-655-Red (Molecular Probes, Carlsbard, CA) labeled hUCBSCs were seeded into another well (other side of the insert). The cells were allowed to attach on to the plates for 16 h, and the Culture-Inserts were removed to create 500 μm cell-free gap between two different cell types. The cells were then allowed to migrate for a further 24 h. Images (20× magnification) were captured at 0 h and 24 h of incubation using a fluorescence microscope.

Transwell Chamber Migration Assay {#S16}
---------------------------------

A cell culture insert system along with a companion tissue culture plate with 12 wells (Becton, Dickinson and Company, Franklin Lakes, NJ, USA) was used for the migration assay. hUCBSCs (2×10^5^ cells) were added into top wells and the conditioned medium from Daoy/D283 cells infected with mock, Ad-SV or Ad-MMP-2 si was added into the bottom chamber and incubated for 16 h. Viable hUCBSCs (1×10^6^) for each treatment conditioned medium were allowed to invade through polycarbonate filters (12-μm pore size). The migrating cells on the reverse side of the filter were stained photographed and counted. Five different fields per filter were analyzed, and all experiments were done in triplicate

Human Cytokines Antibody Array {#S17}
------------------------------

Human cytokine antibody arrays (Ray Biotech, Inc) were used according to the manufacturer\'s instructions. Briefly, cells were infected with mock (PBS), 50 MOI of either Ad-SV or Ad-MMP-2 si and prepared conditioned medium as described above. Cytokine array Membranes were incubated in equal quantities of conditioned media either from Ad-SV or Ad-MMP-2 si treated medulloblastoma cells for 1hr. After washing with PBS, membranes were incubated in biotin labeled primary antibodys follwed by 1,000 fold diluted HRP-conjugated streptavidin was added and developed. After developing, films were scanned and the images processed and quantified using ImageJ software (National Institutes of Health). Signal intensity was normalized to internal positive controls for comparison.

Western blotting {#S18}
----------------

Western blot analysis was performed as described previously.[@R17],[@R18] Briefly, Daoy or D283 cells were cultured and infected with mock, 50 MOI of Ad-SV or Ad-MMP-2 si and incubated for 48 h at 37°C. Cell lysates were prepared in radioimmunoprecipitation assay (RIPA) buffer with protease inhibitors and protein concentrations were measured using bicinchoninic acid protein assay regents (Pierce, Rockford, IL, USA). Equal amounts of protein was resolved on SDS-PAGE gel and transferred onto PVDF membrane. Next, the blot was blocked and probed overnight with different primary antibodies at 4°C, followed by HRP conjugated secondary antibodies for 1 h and signals were detected by using ECL reagent.

Gelatin zymography {#S19}
------------------

The tumor-conditioned medium was prepared as described above and equal amounts of proteins were used to determine MMP-2 activity. Gelatin zymography was performed as described previously.[@R33] Briefly, medulloblastoma cells (Daoy and D283) were grown in six-well tissue culture plates and infected with mock (PBS), 50 multiplicities of infection (MOI) of Ad-SV, or 50 MOI of Ad-MMP-2 si. After a 24-h incubation period, cells were washed with PBS and cultured overnight in serum-free DMEM/F-12 medium. The total protein concentration of the conditioned media was estimated using bicinchoninic acid (BCA) reagent (Pierce). Equal amounts of protein from various treatments were used to determine gelatinase activity.

RT-PCR {#S20}
------

Daoy or D283 cells were cultured and infected with mock, 50 MOI of Ad-SV or Ad-MMP-2 and incubated for 36 h at 37°C. Total RNA was extracted from cells as described by Chomczynski and Sacchi.[@R34] The RNA was then treated with DNase I (Ambion, Austin, TX) for 30 min at 37°C. PCR was performed as described previsouly.[@R33] The expected PCR products were resolved on 2% agarose gels and visualized using ethidium bromide staining. The primers used in this study are: MMP-2 primers, sense 5′-GTGCTGAAGGACACACTAAAGAAGA-3′ and antisense 5′-TTGCCATCCTTCTCAAAGTTGTAGG-3′, and SDF1 primers sense 5′-CGCCCATTGGAGACATAAAA-3′ and antisense 5′- antisense 5′-ATCTGAAGGGCACAGTTTGG-3′, GAPDH primers sense 5′-TGAAGGTCGGAGTCAACGGATTTGGT-3′ and antisense 5′-CATGTGGGCCATGA GGTCCACCAC-3′. To normalize for the amount of input RNA, RT-PCR was performed with primers for the constitutively expressed *GAPDH* gene.

*In vivo* migration assay {#S21}
-------------------------

All animal experiments were carried out following approval by the Institutional Animal Care and Use Committee (IACUC) on a project-specific basis in accordance with Public Health Service Policy on Humane Care and Use of Laboratory Animals (PHS Policy) and meet the standards required by the UKCCCR guidelines.[@R35] Animals were housed in pathogen-free conditions with a light/dark cycle of 12/12 h and fed with rodent chow and water *ad libitum*. Daoy cells (1×10^5^), stably transfected with plasmid containing *luciferase* (*luc*) gene, were stereotactically implanted as described previously.[@R18],[@R36] To establish intracerebellar xenograft models, 6- to 8-week-old mice were anesthetized with isoflurane inhalation (2.5% in 100% oxygen); after which, a small skin incision (5 mm) was made and a burr hole (0.7 mm in diameter) created with microsurgical drill. Tumor cells were suspended in 5 μL of culture medium and injected slowly through the burr hole into the right cerebellar hemisphere using a 10-μL, 26-gauge Hamilton syringe needle that was inserted perpendicular to the cranial surface. Tumor growth was monitored in mice by using an *in vivo* imaging system (IVIS, Xenogen). Fifteen days after tumor cell implantation, the animals were randomized into three groups. Tumors were treated with a single dose of mock, 5 × 10^7^ PFU Ad-SV or Ad-MMP-2 si intracranially at the tumor site as described previously.[@R33] One set of animal were sacrificed and the mice brains were collected and fixed. To asses the migratory ability of human umbilical cord blood stem cells (hUCBSCs) *in vivo*, three days after the treatment with Ad- MMP-2 si, Quantam dots labeled(Molecular Probes, Eugene, OR, USA) CD133 enriched hUCBSCs (2.0 × 10^5^ in 6 μL PBS) were injected in the frontal lobe of the brain. Animals were sacrificed 5 days after stem cell implantation. Mice brains were fixed in 10% buffered formalin and embedded in paraffin. Tissue sections (5 mm thick) were obtained from the paraffin blocks and used for immunohistochemical analysis.

Immunocyto- and Immunohisto-chemical analysis {#S22}
---------------------------------------------

Stem cells (5×10^3^) were plated in chamber slides and cultured on mock-CM, Ad-SV-CM or Ad-MMP-2 si-CM for 48h. Cells were washed with PBS and fixed for 30 min in cold methanol and permeabilized in 0.1% Triton-X100 in PBS. Non-specific binding was blocked by 3% BSA in PBS for 1h, followed by incubation with 1:100 dilution of anti-CXCR4. The excess antibody was removed by washing at least three times with PBS and then incubated with FITC/ Texas Red - conjugated secondary antibody for 1h. The cells were washed with PBS and mounted with 4′, 6-diamidino-2-phenylindole (DAPI) staining solution. For immunohistochemical analysis, tissue sections (4-5 μm-thick) were deparaffinized in xylene, rehydrated in graded ethanol solutions, washed with PBS and permeabilized in 0.1% Triton X-100 and incubated overnight with primary antibodies for MMP-2, CD133 and SDF1. After primary antibody, slides were incubated with HRP-conjugated secondary antibody for 1h followed by 3,3-diaminobenzidine (DAB peroxidase substrate) solution. The slides were counterstained with hematoxylin and mounted. The bright field images were captured with an Olympus BX 60 research microscope attached with CCD camera.

Statistical methods {#S23}
-------------------

All of the values were calculated as mean ± SD or were expressed as percentage of control ± SD. Significant differences between assessment of *in vitro* migration, cell viability, and tumor volume were determined using the Mann-Whitney *U* test. *P* \< 0.05 was considered significant.
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![Medulloblastoma tumor cells enhance human umbilical cord blood stem cell (hUCBSCs) migration\
(A) Qtracker-525-Green (Molecular Probes, Carlsbard, CA) labeled medulloblastoma cells (Daoy and D283 cells) were seeded into one well and Qtracker-655-Red (Molecular Probes, Carlsbard, CA) labeled hUCBSCs seeded into another well of cell culture insert placed in 8-well chamber slides. After 16 h of culture, the culture-inserts were removed and incubated for further 24 h. Images were captured at 0 h and 24 h of incubation using a fluorescence microscope. Cell migration was quantified and was shown for 24 h time period as bar graph. *Columns:* mean of triplicate experiments; *bars*: SD; \**p*\<0.05, significant difference from 0 h migration. (B) hUCBSCs in serum free medium were added into top chamber of transwells and conditioned medium from Medulloblastoma cells (Daoy-CM and D283-CM) or Fibroblast conditioned medium (Fibroblast-CM) was added into bottom chamber of transwells and cultured for 16 h as described in Materials and Methods. hUCBSCs that are migrated (lower side of the membrane) towards tumor cell conditioned medium (Daoy-CM/D283-CM) were stained with HEMA-3 staining kit and photographed under a light microscope at 20× magnification. Percentages of migrated cells were quantified by counting five fields in each condition. Results are representative of three independent experiments. *Columns, mean of three experiments; bars, SD.*](nihms267072f1){#F1}

![Ad-MMP-2 si-infection inhibits MMP-2 expression in medulloblastoma cells and decreases human umbilical cord blood stem cell (hUCBSCs) migration towards tumor cells\
Medulloblastoma cells (Daoy and D283 cells) were treated with mock (PBS Control), 50 MOI of Ad-SV or Ad-MMP-2 si for 24 h, and conditioned medium and cells were collected. (A) *Top panel*: Total RNA was extracted and semi-quantitative RT-PCR was performed for MMP-2; *GAPDH* was served as a control for RNA quality. *Middle panel:* MMP-2 levels were determined in the total cell lysates by western blot analysis using anti-MMP-2 antibody. GAPDH served as a loading control. *Bottom panel:* MMP-2 gelatinolytic activity was determined in the conditioned medium by gelatin zymography. Band intensities were quantified by densitometric analysis using ImageJ software (National Institutes of Health). The levels of MMP-2 mRNA, protein and gelatinolytic activity were normalized to levels in mock-transfected cells. *Columns:* mean of triplicate experiments; *bars*: SD; \**p*\<0.05, significant difference from mock transfected control cells. (B) hUCBSCs migration towards tumor cell conditioned medium from medulloblastoma cells infected with Ad-MMP-2 si was studied in a transwell migration assay. Conditioned medium collected from mock, Ad-SV and Ad-MMP-2 si-infected tumor cells were designated as mock-CM, Ad-SV-CM and Ad-MMP-2 si-CM, respectively. The cells that had migrated to the lower side of the membrane were photographed under a light microscope at 20× magnification. Percentages of migrated cells were quantified by counting five fields in each condition. Results are representative of three independent experiments. *Columns, mean of three experiments; bars, SD.*](nihms267072f2){#F2}

![MMP-2 inhibition in medulloblastoma cells alters Cytokine profile\
(A) Human cytokine antibody array (Ray Biotech, Inc) was used to measure the secretion of 42 Cytokines into tumor conditioned medium from mock, Ad-SV or Ad-MMP-2 si treated Daoy/ D283 cells. Shown in rectangle enclosed boxes are the factors that are highly downregulated with MMP-2 inhibition in Daoy/D283 cells. (B) The dot intensities of different cytokines were quantified by densitometry using ImageJ software (National Institutes of Health) and normalized with the intensity of internal positive controls for comparison. The experiments were performed independently at least three times with similar results. *Columns:* mean of triplicate experiments; *bars*: SD; \**p*\<0.01, and \*\**p*\<0.05, significant difference from mock transfected control cells.](nihms267072f3){#F3}

![Addition of rhMMP-2 to the tumor cells rescues SDF1 mediated hUCBSCs migration towards tumor cells\
Medulloblastoma cells (Daoy and D283 cells) were infected with mock (PBS Control), 50 MOI of Ad-SV or Ad-MMP-2 si for 24 h, and the conditioned medium was prepared as described in Materials and Methods. (A) *Top*: Tumor cell conditioned medium was used for western blot analysis for SDF1. *Bottom*: Total RNA was extracted and RT-PCR was performed for SDF1 as described in Materials and Methods; GAPDH was served as a control for RNA quality. Band intensities were quantified by densitometric analysis using ImageJ software (National Institutes of Health). The levels of SDF1 protein and mRNA were normalized to levels in mock-transfected cells. *Columns:* mean of triplicate experiments; *bars*: SD; \**p*\<0.05, significant difference from mock transfected control cells. (B) Medulloblastoma cells (Daoy and D283 cells) were infected with mock (PBS Control), 50 MOI of Ad-SV or Ad-MMP-2 si for 12 h, and the recombinant MMP-2 was then added to the cells and allowed to grow for a further 24 h. Conditioned medium was collected and used for western blot analysis for SDF1. Band intensities were quantified by densitometric analysis using ImageJ software (National Institutes of Health). The levels of SDF1 protein were normalized to levels in mock-transfected cells. *Columns:* mean of triplicate experiments; *bars*: SD; \**p*\<0.05, significant difference from mock-CM; \*\**p*\<0.05, significant difference from Ad-MMP-2 si-CM (C) Medulloblastoma cells (Daoy and D283 cells) were infected with mock (PBS Control), 50 MOI of Ad-SV or Ad-MMP-2 si for 24 h, the conditioned medium was then collected and rhMMP-2 was added (Ad-MMP-2 si-CM+rhMMP2) or Medulloblastoma cells (Daoy and D283 cells) were infected with mock (PBS Control), 50 MOI of Ad-SV or Ad-MMP-2 si, after 12h incubation recombinant MMP-2 was then added to the cells and allowed to grow for further 24 h, and conditioned medium was collected (Ad-MMP-2 si-rhMMP-2-CM). hUCBSCs migration was performed in the presence of these tumor cell conditioned media using transwell migration assay. The cells that were migrated to the lower side of the membrane were stained and photographed under a light microscope at 20× magnification. Percentages of migrated cells were quantified by counting five fields in each condition. Results are representative of three independent experiments. *Columns, mean of three experiments; bars, SD.* \**p*\<0.05, significant difference from mock-CM; \*\**p*\<0.05, significant difference from Ad-MMP-2 si-CM.](nihms267072f4){#F4}

![SDF1/CXCR4 mediated pathway is affected in hUCBSCs cultured with tumor cell conditioned medium from MMP-2 inhibited tumor cells\
(A) Medulloblastoma cells (Daoy and D283 cells) were infected with mock (PBS Control), 50 MOI of Ad-SV or Ad-MMP-2 si and conditioned medium was collected. hUCBSCs were grown in the presence of serum-free medium or tumor cell conditioned medium in the presence/absence of human recombinant SDF1 (rhSDF1) for 36 h, and immunocytochemical analysis for CXCR4 (green) using CXCR4 specific antibody. Nucleus was counter stained with DAPI and photographed using fluorescence microscope. (B) hUCBSCs migration was performed in the presence of tumor cell conditioned medium with or without rhSDF1 using transwell migration assay. The cells that were migrated to the lower side of the membrane were photographed under a light microscope at 20× magnification. Percentages of migrated cells were quantified by counting five fields in each condition. Results are representative of three independent experiments. *Columns, mean of three experiments; bars, SD.* \**p*\<0.05, significant difference from mock-CM; \*\**p*\<0.05, significant difference from Ad-MMP-2 si-CM. (C) hUCBSC migration was performed in the presence of tumor conditioned medium with or without CXCR4 antibody using transwell migration assay. The cells that were migrated to the lower side of the membrane were photographed under a light microscope at 20× magnification. Percentages of migrated cells were quantified by counting five fields in each condition. Results are representative of three independent experiments. *Columns, mean of three experiments; bars, SD.* \**p*\<0.05, significant difference from mock-CM; \*\**p*\<0.05, significant difference from Ad-MMP-2 si-CM.](nihms267072f5){#F5}

![MMP-2 inhibition in medulloblastoma tumor decreases stem cell tropism *in vivo*\
Brain tumor sections from mice that received mock, Ad-SV and Ad-MMP-2 si treatments were analyzed. (A) IVIS Imaging of mice two weeks after Daoy cell implantation. (B) Three days after Ad- MMP-2 si injection, mice were sacrificed and brains were collected and fixed in 10% burrered formalin and Tissue sections (5 mm thick) were subjected to immunostaining with antibodies for either for MMP-2, and SDF1 (C) Images showing the Injection site of hUCBSCs (CD133 staining) at the frontal lobe and tumor site at the cerebellum. Arrows showing Tumor cell implantation site (T, near cerebellum) and Stem cell implantation site (SC, in the frontal lobe) (D) Five days after stem cell implantation, quantum dot labeled hUCBSCs (red) are seen migrating towards tumor site. Inset shows Quantum dot labeled hUCBSCs in the tumor bed (DAPI stain)](nihms267072f6){#F6}
